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Introduction 


This report summari'/ms the development of adaptive delta modulators 
capable of digitizing n video signal. Tim delta modulator encoder accepts a 'I Mil» 
black and white composite video Htgcmt or a color video signal and encodes it into 
n stream or binary digits at a vato which can bo adjusted from l) Mb/a to 24 Mb/s. 
Thq output bit rule is dotonnJncd by the user and altera the quality of (ho video 
picture. The digital signal is doaoded using tho adaptive delta modulator decoder 
lo , ’reconstruct thq picture. 

Following a long history of cooperation botwoon NASA and Or. Schilling, 
an ADM system svns delivered to JSC. The system is capable of encoding black 
and white or color video or encoding fra mo sequential color. Tho color signals 
wore encoded at 24 Mb/s, tho frame sequential color at 1G Mb/a end the blaok-niul- 
white video at frequencies from S Mb/s - 1G Mb/s. 

Tills Contract supported tho Jolla wing graduate students : It. Lot and 
N. SQhoinborg, 


VIDEO ENCODING USING ADAPTIVE DELTA MODULATION 


ABSTRACT 

Tills paper do scribes several adaptive delta modulators designed 
to moot NASA’s potential need to digitally oncodo video signals. 

Tho adaptive delta modulators described are: 

(1) One-dimensional ADM to encode black-and-white pictures 
and also transmit digitally oueodod voice with no iacroaso in 
bandwidth 

(2) An ADM to cncodo flold-scquontlal color: 

(3) An ADM to oncodo color video signals. 

The units described operate at bit ratos that can bo adjusted from 
6 Mbps to 24 Mbps. Tho effects of the bit rato and channel errors on tho 
responso of tho picture are discussed. 


I. INTRODUCTION 

It is ofton desirable to digitally encode a video signal. Such a signal 
can bo transmitted with significantly loss powor (lower SNR) than an analog 
signal to obtain comparable quality of reconstructed signal. The digital signal 
can be easily encrypted to insure privacy and can, more roadily, bo stored In 
memory for applications requiring slow-scan video transmission. 

Thorc arc many techniques available to digitally encode a video signal. 

They include PCM, Differential PCM, Transform Coding followed by PCM, and 

Adaptive Delta Modulation (ADM). This papor describes the research performed 

by tho Communications System Laboratory at the City College of Now York for 

NASA-JSC.in tho development of low cost, low bit-rato ADM's capable of oncoding 

black-nnd-whito and color video signals in tiie presence of high bit error rates. 

Our initial results and a summary of other techniques have been described in a 

(1) 

previous paper. ' 

Figure 1 shows a simplified picture of the video frame in which there 
are 500 lines/frame. If tho video signal is baudlimitcd to 3.75 MHz, the Nyquist 
sampling rate is 7. 5 M samples/s. Since the frame rate is 30 frames/s, tho lino 
rate is 15,000 linos/sec and, 500 samplos arc taken each line. Thorc arc there- 
fore 250,000 samples in a frame. Each sample, as shown in Fig. 1, is called a 
pixel or pel. 

When using PCM, G-8 bits are transmitted for eacli Nyquist sample, with 
DPCM 3-5 bits aro transmitted in the same time interval and using ADM we 
transmit 1-3 one bit samples during this time period. Thus ADM can operate 
at a lower bit rate than the other techniques. 

ADM cncodod video is relatively insensitive to channel errors. PCM 

-5 . -4 

noticeably deteriorates at bit error rates greater than 10 , while at 10 , tho 

effect of channel errors is barely noticeable when using ADM and complete 

-2 

rccoguizability and intelligibility remains oven at error rates as high as 10 . 



Furthermore, ADM in ti relatively low-coat system. The system 
shown la Fig. 12, constructed by DU UTAMODlUiATlON, INC., employs only 
10 IC chips which fit on a single 7" x 0" printed circuit board. 

II. TUB ADM FOH VIDEO ENCODING 

A block dtngrnmofnn ADM for video encoding Is shown In Fig. 1. 

The input video atonal (m(t)) la sampled at or above the Nyquiatralo to form 
m{U*i‘l). This sampled value is compared with the estimate m(U ii) where 

e(k'i l) » sgn (m(kil) - m(k+l) ) (1) 

The estimate m(k*KL) la formed from tho old estimate m(k) and the 
stop S(kil) which Increments the estimator 

m {k il) « o* m(U) .|. S(kil) («) 

Equation (2) shows that m (lei 1) is found by passing S (kil) through a lossy 
accumulator, i.o. , a narrowband digital low puss filter. The scalar o ^ 0.02 
insures satisfactory error correction In the decoder. ^ In the encoder o* can 
bo set to unity without degrading the system performance. 

Thu algorithm employed to generate the step a(lMl) is 




| S(U) | (• e(k) 0,b e (k-l) 1 

| a (k) i < 32 S Q 

(2a) 

k-l) •* ( 


2 B 0 e(k) 

1 a (k) 1 « 0 

(2 b) 


k 

10 S 0 o (k) 

| a (k) ) r ib a Q 

(2e) 


is the minimum stop-size and is equivalent to one quantization level. The 
maximum slop Is - 122 S Q , or 2 bits, as is the signal m(kil). Saturation logic 
is employed ia the circuit: used to generate Kq. 2 to prevent adverse effects 
when tho adder overflows duo to channel errors. 
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Encoding of a moving scene using Iho ubovc ADM results in no 
distortion or other dolotorloua effects. Figure A shows tlio operation of 
this ADM tit bit sampling rates of G t U, 1G and 22 Mbps. At G Mbps tho 
"edge-busyness" is soon to bo oxtromoly pronounced and tho writing 
Epox y Super Glue on the card is not legible. At 0 Mbps (approximately 
1 bit/ pel) tho edge busyness is reduced significantly but the writing is not 
quite legible. At 16 (approximately 2 bits/pel) and 22 Mbps tho "odgo-busy- 
noss" is no longer noticeable and tho writing is Jogiblo. Note that the improve- 
ment obtained when increasing from 1G to 22 Mbps is not significant. 

Figuro 5 shows the rcspoiiso of the ADM to channel errors when 

tho video signal is Siimplod at 20 Mbps. Figure 5a-o shows Urn response 

~*2 

of tho ADM when tho P - 0 to P =10 respectively. An occasional error 

o o 

is obsorvablo at 10 ‘ while tho prcsonco of errors is quite noticeable at 
-2 

P k 10 . Tho rosponso of the ADM to a uniform groy background in a high 

0 -2 
noisn environment (P =10 ) is shown in Fig, 5f, 

Note that tho errors do not cause tho picture to "break-up", i.o. , 

they do not significantly affect tho horizontal or vertical synch pulses even 

-2 

at an error rate of 10 . Tho errors, instead, act iiko an "ovoriny" of 

horizontal streaks and one has tho feeling that if the overlay could bo removed 
a "clean" picture would result. 

III. F NCODiNO COLO it SIGNALS 

A. Field Sequential Encoding of Color Signals 
A field sequential color system is illustrated in Fig. G. In this 
system the ADM encodes sequentially, tho red, green and blue signals available 
at tlio camera output. For example, during tho first field tho rod color is 
encoded, during the second Hold tlio green color is encoded and, during tho 
third Hold the blue color signal is encoded. Along with tho simplicity of the 
color camera, tho advantage of this type of color system is that tlio bit rate 
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is ilio sumo us for black-und-whlto pictures. 

The ADM was constructed and tested at JSC In u field sequential 
system. Figure 7 shows Iho straight- through and ADM encoded responses 
when using a field sequential systom. 

The disadvantage ef 'his systom Is that only ono color signal is 
oucodod from each field and the color components of the picture tend to 
separate at the edges of moving objects. Tim color frame rate is only 10 
framos/soeoml. Except for this defect, which is characteristic of any field 
sequential systom, there Is no apparent distortion added by Urn ADM. Stnco 
odgo busyuoss is a random function and a characteristic of these ADM's, it is 
intorosting to noio that the busyness Is masked by the superposition of the 
three color frames, 

H. Diroct ADM Encoding of NTSC Video 

The ADM characterised by Eqs. 1, 2 and 3 can bo used to encode 
NTSC color video signals. Figure 8a shows the straight response of the systom 
without tho A DM. The picture used was taken from an afternoon "soap opera". 
Figure 8b shows tho same picture encoded at .16 Mbps. Tho pictures were 
taken at a rate of 1/JO second which resulted in the diagonal streaks shown. 
Note tho slight edge busynoss and the granularity that is present. Also, 
observe tho slight loss of dohiil in tho necklace. 

Figure 9 was taken from a morning quiz program. Such programs 
generally have extremely vibrant colors. Note again tho presence of tho 
diagonal streaks. These pictures wore taken at a sampling rale of 24 Mbps. 

In general tho actual picture quality If much hotter than that observed 
from those figures. 
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C. Knoodtng Using Doompl usls Filtering 

Tito ADM Into it londoncy to slopo overload if tlto incoming signal 
Ima largo high-frequency components. To avoid slopo overload oao can 
Ihoronso Iho bit ratio. Alternately, ono can low pitas niter the signal prior 
to encoding, thereby decreasing tlm amplitude of the high-frequency portion 
of iho video spectrum. Such a filter is called a "doomphusla’ 1 filter. In the 
receiver tho ADM decoder ts followed by n "proemplmsls 11 filter to restore Iho 
the high frequency components of tho signal. 

Unlike FM whore the deemplmsla filler is a single-pole RC low puss 
filter, Iho doomphnsls filter needed for color encoding must be a multiple polo 
filler, Sovorul fillers wore attempted. The fitter selected is shown in Fig 10n, 
Fig 10b shows Iho system configuration while Fig 10c shows tho circuit used for 
ouch section. The values of h and C determine Iho Q of the section and tho series 
resonance, Tho values of Q and tho resonant frequencies wore chosen to optimism 
the tradeoff between ripple and high frequency noise. 

Figure Flu shows Iho straight through response of an NTSC color 
system, Fig. 13 b shows tho response of tho direct encoded ADM at 2-1 Mbps and 
Fig. 11c shows tho response of llm ADM when deemphasis filtering is employed 
at tho encoder at tho same sampling rale. Nolo that the skin complexion is 
greatly improved whoa using deemplmsts/preoinphasis filtering. 

D. DtgUal Voice and Video Multiplexing 

it is often convenient to trims mil voice simultaneously with the video 
signal. This is readily accomplished without any increase in bit rate. 

The ADM described above encodes the composite video signal, t.e. , 
the video infocmnUon and the horlaoulal and vertical synch pulses. Since the 
synch pulse is a largo negative pulse Iho A DM goes into saturation and generates 
a long stream of 0's. When operating at 20 Mbps approximately 00 0's occur 
consecutively. 


if voice la encoded at the rate of approximately 32kbps, '4 bit a 
of voice can be transmitted durian each horizontal synch pulse. For example, 
to send the encoded bit X £ we add a header J[ to the bits and add the live 
bits 1 1.1,1 0 to tho all-Kero bits encoding the horizontal retrace. The result 
Is tho transmission of 32 kbps vw*?o with 20 Mbps video with no increase in 
bit rale. It should bo clear that data as well us voice can be multiplexed in 
tills way. 

The video encode r/doeoder with all audio channel designed by 
DI£J/1V\ MO DELATION, INC. (Model 210) transmits a 3~blt code for each 
information bit of the digital voice thereby providing simple, yet effective, 
single-bit error-correction. 

IV. NKW A R BAS O V U KSKAPC 1 1 

A. Lino Sequential Color Encoding 

The difficulty with field sequential color encoding Is that during periods 
of rapid motion, the color In each field will not lino up} after all it takes i/GO 
second to oneodo nn entire field. 

The above problem can be significantly reduced by encoding a different 
color for each line. For example, encode the red color of line 1, the green color 
of line 3 and tho blue color of line 5. Use those three colors on line 3 of the 
monitor. Next encode tho red color of Hue 7 and display the three, colors of 
lines 3, S and 7 on line G of tho monitor, etc. This system is now being con- 
structed and will be tested at JSC. 

11. Slow- Kona Video -Kneading 

PCM encoded slow-seaa systems require a frame of digital memory in 
the transmitter and la Iho receiver. When ADM encoding is employed only tho 
e(!A bit stream need be encoded. Thus, the amount of memory required is 
reduced by a factor of approximately *1. 

A slow-scau ADM system has been designed and is currently being 
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constructed for testing at dSC. 


V. CONCLUSIONS 

Once one realisms Unit u digital system costa no more ami often 
leas than an analog system, la mom reliable ami provides higher quuUt^ T 
performance at stgntrienntty lower SNH, the conclusion la usually reached 
to "tjo-dlgltal". 

Two drawbacks to a digital system do exist. Thu digital system 
often requires wider bandwidth and, KCb dev tees often Hiult the speed at 
which digital circuit can operate to values which are. less than desired. 

Whoa investigating which digital system to employ we must consider 
coat as well ns qualtly. If commercial or near commercial quality is required, 
if rocogataabtltty and intelligibility are Important, if small sir.c, low power and 
low cost nro factors wortliy of consideration and sufficient bandwidth is avail- 
able. then one should, ns NASA is doing, look at ADM. 

in this paper we have extended the results of our original paper 
and looked also at color video and audio on video. The results obtained 
from all (esls performed by NASA indicate n pleasant quality picture, which 
is not degraded by motion. 

VI. KHDICHKNCKH 
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Fig. 2 (a) Adaptive Deltamodulator Model 200 manufactured by 

Deltamodulation, Die. (b) Circuit showing 19 IC construction. 









i’ig. 4 Kncoding at (a) C, (b) 8, (c) 16 and (d) 22 Mbits/s. 
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Field Sequential Color System. 
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